The objective of this work is to study the dynamic behavior of thin flat rectangular composite plates when subjected to static loads. A program for calculating the load at first ply fracture was made to estimate the maximum loads that can be carried by each specimen. The natural frequencies of the plate, using finite element program (ANSYS) are obtained considering the fractions of these failure loads. The static deflection corresponding to the applied static loading changes the assumption of straight flat plate to a curved one. An experimental modal test was made to verify the finite element technique. The comparison between numerical and experimental results is carried out. The effect of combined load on the natural frequencies for composite plates with different fiber types, different fiber orientations and at different load locations are estimated.
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INTRODUCTION
A composite material is a material having two or more distinct and separate constituent materials combined in a macroscopic structural unit. Many man-made materials are generally not referred as composite if the structural unit is formed at the microscopic level rather than the macroscopic level such as alloys and polymers blends. The composite properties are noticeably different from the constituent properties. The difference will be generally obvious when the volume fraction is greater than 10% or when a property of one constituent is greater than 5 times. Nowadays composite materials are widely used in many modern industries because of their high strength and stiffness compared to lightweight. Moreover, the primary advantage of these composites is the ability to control anisotropy by design and fabrication [1] . The layers making composite structures may be of different materials, or of the same orthotropic material with the principal material directions of each layer oriented at different angles to the reference axes. The analysis of composite laminates is complicated because of the anisotropic structural behavior that couples in plane deformation to out-of-plane deformation (i.e. bending-stretching coupling) and characteristics of composite materials (e.g., delaminations, matrix cracks, fiber breakage …etc.) [2] . The classical theory of plate is inadequate in the modeling the dynamic aspects of laminated composite plates because of the assumptions treating plates to be infinitely rigid in the transverse direction by neglecting transverse strain. Since laminated composite materials are often very flexible in shear (and weaker in transverse shear mode), the transverse shearing strains must be taken into account to achieved accurate representation of the behavior of the laminated plate. The plate theories that include transverse shear deformation can be grouped as 1-the equivalent-single layer plate theories. 2-the layer-wise plate theories. 3-the individual-layer plate theories.
Concerning global response characteristics such as the maximum deflection, fundamental frequency, or critical buckling load are needed laminate theories can be used. This theories describe the laminate as an equivalent single layer. Otherwise if more accurate information is needed at the ply level or between plies layer-wise theories must be used. However, most analyses of composite laminates utilize single-layer theories which are natural and straightforward extensions of the theories available for homogeneous isotropic plates. Single layer theories are classified into stress based theories or displacement based theories depending on the stress components variation or displacement components variation with respect to thickness coordinate respectively [3 -8] .
For the equivalent-single layer plate theories that include transverse shear deformations, the displacement or stress components are expanded as a linear combination of the thickness coordinate and undetermined functions of position in the reference surface to reduce the 3-D elasticity problem to a two-dimensional. In the displacement-based theories, the three components of the displacement vector are expanded in power series in terms of unknown functions. The principle of virtual displacements or the method of moments is used to derive the equations of equilibrium. In all single-layer plate theories the displacements and strains are continuous through the laminate thickness. This leads to a discontinuous interlaminar stress field because of different elastic coefficients at layer interfaces. The stresses based theories are assumed linear variation of the in-plane stresses over the thickness of the plate. The transverse stresses are then obtained from the differential equations of equilibrium. The principle of virtual forces is used to derive the governing equations. The most used displacement based theory is the first order plate theory in which the displacement field is defined as:-
Equation (1), known as the Mindlin plate theory. The functions U o , V o , and W o are the displacements along the three coordinates on midsurface and x φ , y φ are the rotation of a transverse normal. Second and higher-order plate theories involve higher-order expansions as the third-order theory in which the displacement model is so chosen that it can explain adequately the parabolic distribution of transverse shear stresses and the non-linearity of the in-plane displacements across the thickness where the displacement field is [8 -22] .
PLATE STIFFNESS MATRICES
The stresses in a laminate vary from layer to layer hence it is convenient to deal with a simpler but equivalent system of forces and moments acting on laminate crosssection. The resultant forces acting on a laminate cross-section are obtained by integrating the corresponding stress through the laminate thickness h. The resultant moment is obtained by integration through the thickness of the corresponding stress times the moment arm with respect to the midplane. 
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CALCULATION OF MAXIMUM LOAD AT FIRST PLY FRACTURE
The maximum load at first ply fracture can be obtained according to the following steps. For complete laminate analysis used to obtain the load at first ply failure, the first step is to carry out a laminate stress analysis for an assumed unit load on the laminate. Then selecting the maximum stress failure theory which stated that the failure will occur if any of the stresses in the principal material axes exceeds the corresponding allowable stress i.e.
When one of these inequalities is achieved, the material is considered to have failure by a failure mode associated with the allowable stress. compare the laminae stresses with the allowable values and predict the maximum load at which the first ply will fails.
FINITE ELEMENT TECHNIQUES
The finite element solution is done using ANSYS program where the input data are the elastic module calculated outside the program, dimensions, orientation angle for the laminate and applied static load. The load is a percentage of the predicted first ply fracture load.
The solution begins with the calculation of the static nodal displacements of nodes in Z direction due to applied static load at a specific point, then the displacement at the point where the load is applied is again input to the program for solving the modal (vibration) problem. In such case the nodal displacement of each mode in Z direction is measured from a new origin point that is achieved due to the effect of the static loading on the plate in Z direction. The element used for the layered application of a plate model has 8-nodes with six degree of freedom at each node. Three translations in X, Y, and Z directions and three rotations about the X, Y, and Z axes. 
The results including the fundamental frequencies and mode shapes variation are being investigated in nine points on the area of the plate for clamped-free specimens (Fig.2) . 
NUMERICAL EXAMPLES AND RESULTS
A complete mechanical properties of the materials used in this work is tabulated in Table (1) . The bending and torsion moments at first ply fracture are calculated and tabulated in Table ( 2) with the fiber orientations. The natural frequencies of the plates with different fiber orientation angles and different fiber types are tabulated in table (3). 
EFFECT OF FIBER ORINTATIONS AND LOAD LOCATIONS
Natural frequencies and mode shapes were studied when the static loads are applied in Z-direction in different nodes along the plate length and width. The static displacement are deduced from applied static constant load at different node locations. The configuration of the plate changes from flat plate to curved plate with new constraints. The results are plotted with respect to the plate length (L) and plate width (W) with different orientation angle. Tables (4) to (7) presents the load location effects on natural frequencies for the materials used and Figures (3) to (8) show the load location effects of different orientation angles. The results show that the load location change along the plate length and width have a considerable effect on the change of natural frequencies. The effect of the fiber orientation angles on the plate rigidity and natural frequencies in no load case was extended to the cases of combined load at different load locations. 
EFFECT OF FIBER TYPE
The effects of fiber type are studied for materials no. 3, 4, 5, and 6 with the same fiber volume fractions and fiber orientations (0,90,0,90)s and have fiber type of carbon (T300), Boron, E-glass, and Kevlar 49 respectively. The load was applied at node 22 and is taken 0.05 of the torsion load at first ply fracture of each material. 
CONCLUSIONS
From the dynamic analysis of the composite thin plates discussed with the various effects included it was found that • The results of experimental tests show a good agreement with the numerical results and the finite element solution technique could be used effectively in solving the problem.
• The composite plates exhibit an increase in the natural frequencies when statically loaded in Z-direction wherever for all the load locations due to the static deflections, which change of the configuration of flat plate to be curved plate configuration with new constraints.
• For different fiber orientation angle sequences the 1st natural frequency is increased as the load is moved toward the free end of the plate along the plate length ( Figure 3 ) and at the center of the plate width ( Figure 4) • The 2nd natural frequency shows maximum increase at 0.8L for all cases except for (45/-45/45/-45) s it shows maximum decrease ( Figure 5 ) and the opposite phenomena is occurs along the plate width ( Figure 6 ).
• The 3rd and 4th natural frequencies show a complex variation along the plate length and width with respect to the fiber orientation angles.
• It is observed that the composites having high values of EL and GLT (made from fibers of higher modulus such as Boron) show maximum percentage increase in natural frequencies with respect to the natural frequencies of no load case for 2nd and 4th modes. On the other hand composites having low values of EL and GLT (made from fibers of lower modulus such as E-Glass) shows maximum percentage increase in natural frequencies with respect to the natural frequencies of no load case for 1st and 3rd modes.
